Using the translinear principle of bipolar transistors [l, 31, the corresponding log-domain circuit is shown in Fig. 3 with the design equations where V, is the thermal voltage and I, is a D C current source.
Similarly, the corresponding input and output termination sections, and the series and shunt sections, can also be established, and they are listed in Fig. 3 . To avoid the complexity of general interconnection between the new two-port networks, the cross-cascade interconnection [4 ~ 61 is introduced. From this cross-cascade interconnection, the new port variables x, and x, of the floating LC section, which are exactly equal to the original port voltages V, and V,, respectively, can be found [6] . Moreover, the corresponding voltage variables in the log-domain will be also equal, respectively. Thus, an alternative method can be used to synthesise the parallel LC series section. First, we can separate the floating capacitor from the floating LC section and synthesise it as the floating inductor. Then, the floating capacitor is inserted into the corresponding nodes.
Fig. 1 Typical design example of a log-domain third-order ell@tic filter
If only grounded capacitors are available, the design procedure for the elliptic LC ladder filter can be: first, divide the original ladder prototype into several sections and choose the corresponding log-domain counterparts, then connect these circuits with a crosscascade interconnection [4] . Finally, determine the values of currents I , and capacitors. The advantage of this method is that it only requires grounded capacitors [7] . If floating capacitors are available, we can separate them from the original prototype and synthesise the all-pole filter alone. Finally, insert the floating capacitors into their corresponding nodes to complete the synthesis of the elliptic filters. This approach is suitable for high frequency operation, because all nodes have a desired capacitance and the parasitic capacitances can be included in the circuit capacitances [8].
Simulation results: A prototype third-order elliptic ladder filter with 0.1SdB ripple is shown in Fig. 1 . First, we can separate the floating capacitor C, from the original prototype and divide it into three sections. Next, connect the corresponding log-domain circuits in Fig. 1 with a cross-cascade interconnection. Finally, insert the floating capacitor C,, into the corresponding nodes. The resulting synthesised log-domain filter is shown in Fig. 1 The authors introduce a novel descriptor for texture classification, namely the fuzzy pattern spectrum (FPS) . Essentially, the FPS is a novel extension of the traditional morphological pattern spectrum, the significant advantage being its effectiveness in quantifying spatial uncertainty in images. A texture classification experiment is discussed to show the usefulness of the FPS wherein a classification accuracy of 94% is achieved.
Introduction: Mathematical morphology i s a powerful tool for shape and feature analysis and feature representation. Work [l] in this field has sought to augment the scope of traditional morphology using the tools of fuzzy sets, hence gaining an understanding of the 'spatial uncertainty' or 'fuzziness' in image features. Fuzzy mathematical morphology extends the intuitive notion of 'fitting' in traditional morphology, to the 'degree of fitting'. In fuzzy mathematical morphology, the degree of subsethood between the image and the structuring element needs to be determined. This is realised using an indicator function which is essentially a mapping from two fuzzy sets, the image A and structuring element B, to another fuzzy set (the degree of set inclusion). Based on this, the representation for fuzzy erosion [2], p.qA,R)(~), is as follows:
p,,(x) and pB(x) denote memberships of element x to the fuzzy sets A and B, respectively.
(1)
Texture classification using FPS: Multi-scaled morphological operations have been used to generate shape-sue descriptors termed the pattern specfrum [3] or the pecstrum [4] . The pattern spectrum can be considered to be analogous to the Fourier spectrum, the difference being that the first quantifies shape, whereas the latter quantifies the frequency distribution of the signal. where P represents the erosioii of image X by nB.
